A series of experiments was performed to determine whether long-term habituation of the acoustic startle response in rats is mediated by conditioned associations between contextual cues and the test stimulus. Experiment 1 established parameters yielding demonstrable long-term habituation of the startle response. Experiment 2 attempted to overshadow the hypothesized associations to contextual cues by providing a more reliable predictor of the acoustic stimulus. Experiment 3 investigated the effect of changes in contextual cues on long-term habituation. Experiment 4 provided treatments designed to extinguish the hypothesized associations between the context and the habituated stimulus. Experiment 5 sought latent inhibition of the hypothesized association between the contextual cues and the acoustic stimulus. The results of these experiments uniformly failed to support an associative model of long-term habituation of the startle response, but they are consistent with a nonassociative model emphasizing habituation to the entire experimental situation rather than exclusively to the iterated stimulus.
Habituation is typically defined as a decrease in responding to a stimulus that results from repeated presentations of the stimulus and cannot be accounted for solely in terms of sensory adaptation or motor fatigue (Thompson & Spencer, 1966) . Although habituation represents a behavioral change due to specific experimental factors, it has been largely ignored by learning theorists other than those directly concerned with the neurophysiology of learning. The preoccupation of learning theorists with classical and instrumental paradigms and their concomitant disinterest in habituation appear to stem from two assumptions about how classical and instrumental conditioning differ from habituation.
The first assumption is that habituation has been considered to be a short-lived phenomenon, lasting only seconds or minutes, and therefore of little consequence for longterm changes in behavior. However, this view has been demonstrated to be erroneous. As early as 1956, Sharpless and Jasper, on the basis of their findings from recordings of arousal in human subjects, suggested that a distinction be made between "short-term" and "long-term" habituation. Although there are no clear temporal parameters dividing short-term from long-term habituation, it has become overwhelmingly clear that some forms of habituation can last at least on the order of weeks (Carew, Pinsker, & Kandel, 1972; Harding & Rundle, 1969; Leaton, 1974) , and Castellucci and Kandel (1976) suggested that some of the physiological changes underlying long-term habituation may in fact be permanent.
A second, more fundamental, issue that has excluded habituation from the study of learning is that habituation is considered to be nonassociative. In reference to habitua-tion, the term "nonassociative" implies that the observed response decrement is dependent solely upon the parameters of unconditioned stimulus (US) presentation. However, this statement must be qualified. It is possible that habituation represents associative learning in which the iterated stimulus is associated with the nonoccurrence of any biologically significant event. Seemingly this process involves associative learning in the same way as does Mackintosh's mechanism of learned irrelevance (Mackintosh, 1973 ).
On a more conventional level of analysis, there have been several interpretations of habituation as being an associative process within the traditional conception of associative learning (e.g., Stein, 1965) . The most recent and the most explicitly stated of these theories has been postulated for long-term habituation by Wagner (1976 Wagner ( , 1978 Wagner ( , 1979 as an extension of his more general theory of differential rehearsal (Wagner, Rudy, & Whitlow, 1973) . According to this theory, a stimulus is differentially effective in promoting memorial processing, depending upon whether the stimulus is "surprising" or "expected." If it is surprising, the stimulus promotes memorial processing; if it is expected, it does not. Stimuli are considered expected if their memorial representations are present in short-term memory (STM) at the time of their presentation. Wagner labeled this prestimulus representational process priming. There are two different ways in which priming can occur; however, the behavioral influence of having the memorial representation in STM at the time the stimulus is presented is the same regardless of the method of priming. Short-term memory priming of a particular stimulus may be selfgenerated, resulting directly from a recent occurrence of the stimulus itself, or it may be retrieval-generated (more recently termed associatively generated, Wagner, 1979) , by the retrieval of the memorial representation from long-term memory to STM due to the presentation of associated cues.
In the case of long-term habituation, priming of the iterated stimulus is assumed to result from reexposure to the environmental or contextual stimuli that were present when the initial habituation procedure occurred. Thus, the contextual cues will elicit the STM representation of the habituated stimulus, and, according to Wagner's interpretation of habituation, the response to an expected stimulus will be diminished relative to the response to an equivalent but unexpected stimulus. Consequently, longterm habituation is assumed to be dependent upon the integrity of the association between the contextual cues and the potentially habituated stimulus.
Wagner's application of his differential rehearsal model to habituation may be clearly seen in his interpretation of the data from a dissertation by Davis (1970a) . Recording the percentage of startle responses to a 50-msec, 120-dB pure tone, Davis first matched subjects for responsiveness to the tone at random interstimulus intervals (ISIs) of 2, 4, 8, and 16 sec. Following this "prehabituation" treatment, he exposed one group of rats to 1,000 tones presented at a constant ISI of 2 sec, and a second group to 1,000 tones at a constant ISI of 16 sec. Both groups were then tested again for their startle response to the tone at the original four ISIs, either 1 min or 1 day after the habituation training. The major finding was that within the habituation training session the 16-sec group was more responsive (displayed less habituation) than the 2-sec group; however, this pattern was reversed when animals were tested 1 minute or 1 day later. On both tests, the 2-sec group was more responsive at all four ISIs than was the 16-sec group. Wagner attributes this effect to the fact that during habituation training, greater associative processing of the contextual cues and the tone occurred in the 16-sec group than in the 2-sec group. There are two interrelated reasons within this theory why this would be predicted: (a) the tone for the 16-sec group was more surprising and therefore evoked more processing than in the 2-sec group in which the self-generated STM representation of the tone at the time of each tone onset was greater due to the more recent prior presentation of the tone, and (b) there was a greater opportunity for memorial processing and consequent formation of associations between the contextual cues and the tones in the 16-sec group owing to the greater temporal spacing between presentations. Thus, on the long-term tests with the four ISIs, the tone would be more expected in the 16-sec group, which should therefore display greater long-term habituation.
Wagner's model of long-term habituation fits particularly well within contemporary theorizing concerning the importance of associations formed to contextual or environmental cues. Both in the human cognitive literature (Block & Reed, 1978; Lubow, Rifkin & Alek, 1976; Smith, 1979; Smith, Glenberg & Bjork, 1978) and in animal learning research (Bolles & Collier, 1976; Bouton & Bolles, 1979; Dweck & Wagner, 1970; Fanselow, 1980; Hennig, 1979; Kremer, 1974; Odling-Smee, 1978; Siegel, 1977; Tomie, 1976a Tomie, , 1976b , it is becoming increasingly recognized that contextual cues may acquire stimulus control over responding. Nevertheless, despite the many demonstrations that contextual stimuli can acquire associative strength in certain circumstances, this does not always appear to occur (e.g., Leaton, 1974; Popik & Frey, Note 1) . The purpose of the present series of experiments was to investigate whether long-term habituation of the acoustic startle response in rats is mediated by associations to contextual cues as postulated by Wagner's model.
Experiment 1: Parameters for Long-Term Habituation

Experiment I A
The response system chosen for this series of studies was the acoustic startle response of the rat. This preparation was selected because it is known to yield long-term habituation (Davis, 1970a) and is well understood behaviorally and physiologically (Groves, Wilson, & Boyle, 1974; Groves, Wilson, & Miller, 1976) . One of the most important findings of the physiological studies of habituation is that the studies have established that habituation and sensitization result from changes in the central nervous system rather than from temporary or permanent sensory debilitation or motor fatigue.
The purpose of Experiment 1 was to establish parameters that would produce longterm habituation of the startle response in our experimental setting. A within-subjects design was used in which subjects were exposed to repeated brief presentations of a loud acoustic stimulus in a stabilimeter apparatus (Session 1). Following a retention interval in their home cages, subjects were returned to the stabilimeters and again presented with the same series of tones (Session 2). Within each session the acoustic stimulus was presented quasi-randomly (counterbalanced for first-order sequential effects) at 2-, 4-, 8-, or 16-sec ISIs. These intervals were adopted from Davis (1970a) . Variable ISIs, rather than a fixed duration ISI, were utilized to prevent temporal cues from competing with the contextual stimuli for associative strength. A 1-hr retention interval was used between Session 1 and Session 2. Although much longer retention is possible with appropriate parameters, 1 hr was considered to exceed the duration necessary to eliminate the possibility of self-generated rather than retrieval-generated priming operating at the beginning of Session 2.
Method
Subjects. Twenty-four experimentally naive male Sprague-Dawley CD rats (Charles River Co., Wilmington, Massachusetts), weighing between 300 and 400 g, served as subjects. All were individually housed in continuous light and maintained on ad lib water and Purina Laboratory Chow. Subjects had previously been on a water deprivation schedule for approximately 2 wk to maintain their body weights within the desired range, but they were returned to ad lib water at least 2 days prior to the experimental day.
Apparatus. The apparatuses were four Lafayette (Lafayette, Indiana) stabilimeters (No. 86010). Each subject was confined to the 30 X 30 cm Formica floor of the stabilimeters by a 30-cm-high enclosure surrounding the platform. The ceilings, which were perforated for ventilation, and the front walls of these enclosures were constructed of Plexiglas; the remaining three walls were stainless steel. Each stabilimeter was positioned in a sound-attenuating chamber furnished with a ventilation fan, a 45-fi speaker which continuously provided a 60-dBA (re 20 /itN/m 2 ) white noise background, and was illuminated by a 7.5-W light bulb positioned approximately 15 cm from the ceiling of the apparatus. The stabilimeter output was gated through a Lafayette Activity Monitor (No. 86010) . The sensitivity of these activity monitors was calibrated to record a response approximately 50% of the time that a .5-g weight was dropped from 5 cm above the platform.
The acoustic stimulus was a 90-dB (re 20 ^N/m 2 , as measured on the A scale of a Scott sound level meter with the microphone placed in the stabilimeter near the level of the rat's head) 50-msec broad-band noise. It had a characteristic frequency of approximately 2500 Hz, produced by a Mallory (Indianapolis, Indiana) outdoor horn (No. ROH185). Following Davis (1970a) , a startle was denned as a stabilimeter response during the 50-msec interval of the tone presentation. Oscilloscopic monitoring confirmed that the recording interval occurred simultaneously with the presentation of the acoustic stimulus. The oscilloscopic recordings also demonstrated that both at the beginning and end of the habituation session, the startle response, when it did occur, was emitted within 50 msec of the tone onset (see Gendelman & Davis, Note 2) .
Procedure. All subjects were handled daily by the experimenter for 4 days immediately prior to the test day. Subjects were randomly divided into two groups of 12 animals each. Each subject in the first group (experimental) was placed in a stabilimeter and, after a 15-min adaptation period (following Davis, 1970a) , received 800 presentations of the acoustic stimulus. Two hundred of these occurred after each of the four ISIs, 2, 4, 8, or 16 sec; thus the total session lasted 100 min. Immediately following Session 1, subjects were returned to their home cages for the 1-hr retention interval, and then returned to the same stabilimeter for Session 2 which was identical to Session 1 except that no adaptation period was given. The adaptation period was omitted on Session 2 in an attempt to maximize response sensitivity by eliminating this opportunity for extinction of the association between the contextual cues and the tone. The stabilimeters were not cleaned between Session 1 and Session 2.
Subjects in the second group (activity control) were treated identically to subjects in the experimental group but were never presented with the acoustic stimulus. Their responses were recorded during the same 50-msec intervals in which the tones had occurred for the experimental group.
Experiment IA was performed in three replications, with experimental and control groups run alternately rather than simultaneously because the intensity of the tone made it impractical to acoustically insulate the enclosures.
Results
The mean percentage of startle responses for each of the four ISIs in Sessions 1 and 2 is shown in Figure 1 . Characteristic of within session or short-term habituation, the percentage of responses by subjects in the experimental group increased as a function of the time since the last stimulus presentation. This was a highly robust finding, with the percentage of responses at each ISI differing from the adjacent ISIs in both Sessions 1 and 2, all f s ( l l ) > 1.95, ps < .05.
Collapsing over ISIs, a Group X Session analysis of variance revealed a higher percentage of startle responses by the experimental than by the activity subjects, F(l, 22) = 59.57,p < .001. A long-term response decrement was evident in the greater re- In order to illustrate the response decrement over trials within each session, the mean percentage of startle responses over 10 blocks of 80 trials was obtained for each session. Every block consisted of 20 trials from each of the four ISIs (see Figure 2 ). Comparisons of the first and last blocks of each session yielded significant response decrements within Sessions 1 and 2 in the experimental group, ?s(ll) = 4.14 and 6.21, respectively, ps < .01, as well as in the activitycontrol group, ?s(ll) 4.14 and 3.20, respectively, ps < .01.
Despite the obtained response decrements in both groups, visual observations of the animals indicated that most subjects engaged in a great deal of exploration and remained fairly active throughout both sessions. In the experimental animals, the startle response appeared as an overall flinch, which was followed by freezing during the initial presentations of the acoustic stimulus. After approximately 100 trials, freezing was virtually absent, and the startle response was less vigorous. The control animals' withinsession response decrement arose from their decrease in exploratory activity, and their initial "startle" scores were far below those of the experimental subjects.
Experiment IB
The obtained Group X Session interaction in Experiment IA demonstrates that the decrease in responding observed in Session 2 is not attributable solely to a decrease in exploration or general activity levels, and it suggests that the response decrement in the experimental group may represent long-term habituation to the iterated acoustic stimulus. Nevertheless, it is possible that mechanisms other than long-term habituation could account for these results; for example, the lack of an adaptation period in Session 2 may have altered the responding of subjects in the experimental group independently of their experience in Session 1 (see Davis, 1974a) .
Experiment IB was designed to replicate the response decrement obtained in the experimental group of Experiment IA and to ascertain that this decrement was contingent on prior US exposure. The design of Exper- iment 1 B was identical to that of Experiment IA with the exception that the control group received tone presentations in Session 2. If the between-sessions response decrement in the experimental group was due to the tone presentations during Session 1, the percentage startle of the control group during Session 2 ought to be similar to that of the experimental group during Session 1 and greater than that of the experimental group during Session 2.
Method
Subjects and apparatus. Twenty-four rats, similar to those described in Experiment IA, served as subjects. The apparatus and recording procedures were the same as in Experiment IA.
Procedure. The subjects were randomly divided into two groups of 12 animals each. Subjects in the experimental group were trained and tested in the same manner as subjects in the experimental group of Experiment IA. Animals in the control group received the same treatment during Session 1 as had subjects in the activity-control group of Experiment IA. Following the 1-hr retention interval, these subjects were returned to the stabilimeters and given 800 presentations of the acoustic stimulus in the same manner as the experimental group. Experiment IB was conducted in three balanced replications, with the experimental and control groups run alternately within replications.
Results
Figure 3 illustrates for both sessions the mean percentage of startle responses for each block of 80 trials averaged over ISIs. Within each session both the experimental and control groups showed a decrease in startle responding over trials, Fs(9, 99) > 5.72, ps < .001. In all sessions during which the tone was presented (i.e., all but Session 1 for the control group), an ISI effect was observed, with a higher probability of responding being associated with the longer ISIs, Fs(3, 33) > 46.50, ps < .001. Relative to Session 1, the experimental group showed a significant decrease in responding during Session 2, t ( l l ) = 18.61, p < .001, and the control group showed a significant increase in responding in Session 2, t ( l l ) = 51.22, p < .001. Most important for the demonstration of long-term habituation, there was no difference between Session 1 of the experimental group and Session 2 of the control group, f(18) = .52, p > .50, and the control group responded more in Session 2 than did the experimental group, r(18) = 3.85, p < .01. This latter finding is indicative of the between-sessions decrement seen in the experimental group as being a result of its exposure to the acoustic stimulus during Session 1.
Discussion of Experiment 1
The results of Experiments IA and IB indicate that the present preparation is appropriate to investigate the contextual specificity of long-term habituation. The observed interaction over sessions between the experimental and the activity-control groups in Experiment IA is consistent with the process of long-term habituation. If there had been no interaction, there would be no basis on which to attribute the response decrement over sessions to long-term habituation to the acoustic stimulus; that is, if both groups showed a proportional decrease in responding between Session 1 and Session 2, this could be interpreted as simply representing a decrease in general activity or exploration, with no change over sessions in the experimental animals' startle responses to the tone. More directly, Experiment IB demonstrates that the response decrement between sessions is attributable to the prior US exposure. Furthermore, the highly similar behavior of the experimental groups in both experiments speaks for the reliability of the observed habituation. It is particularly advantageous that the 1-hr retention interval allows for partial recovery from the response decrement present at the end of Session 1 since this eliminates the possibility that any differences between groups in the following studies would be obscured by floor effects.
No evidence of initial sensitization (Groves & Thompson, 1970) , that is, a response increment preceding the response decrement, was observed in Experiment 1, nor was this trend seen when the data were examined in finer detail by using blocks of 20 trials rather than of 80 trials. Sensitization may have been eliminated by the adaptation period, consistent with the absence of sensitization reported by Davis (1974a) when the background white noise level was 60 dB as in the present study. Numerous conditioning phenomena, particularly those involving compound stimuli, have provided strong support for the view that, given two equally salient stimuli, a conditioned stimulus (CS) is most likely to be associated with the stimulus that best predicts the occurrence of that unconditioned stimulus (US) (Kamin, 1969; Wagner, Logan, Haberlandt, & Price, 1968) . In studies of habituation, the contextual cues ordinarily serve as the most reliable predictors of the US, even though they do not provide precise temporal information about US occurrences. However, if a discriminative stimulus were presented immediately preceding each US event, greater associative strength should accrue to that stimulus, which would function as a typical Pavlovian CS, than to the contextual cues. The availability of a more reliable predictor of the US should effectively "overshadow" the contextual cues (e.g., Oding-Smee, 1978) . Such overshadowing ought to be apparent on a long-term test conducted in the presence of the same contextual cues but without the more reliable stimulus by comparing the performance of this overshadowing group with that of a group that was not exposed to the more reliable cue during initial habituation training.
A second expectation, derived from Wagner's associative model of long-term habituation, is that the response decrement during the initial habituation session should occur more quickly for the group receiving the more reliable cue than for the one with only apparatus cues present. This prediction follows from Wagner's assumption that "the stimulus is less likely to provoke a response when it is primed in STM by associated retrieval cues" (Wagner, 1976, p. 119) . Owing to its greater reliability, the one immediately prior to each US should function as a stronger retrieval cue; thus, relative to the contextual stimuli, it should produce greater retrieval-generated priming and hence less of a startle response.
Experiment 2 was designed to test these predictions. During Session 1, a stimulus was presented immediately prior to each US occurrence in one group. The percentage startle of this group in Session 2, during which this stimulus was no longer presented, was compared with the percentage startle of groups that had not received the stimulus in Session 1, or had received it at random in-tervals with respect to the US. In addition, the habituation training data of Session 1 was analyzed to test whether signaling the US would produce less startle responding.
Method
Subjects and apparatus. Thirty-six rats, similar to those described in Experiment 1, served as subjects. The apparatus and recording procedures were also the same as in the first experiment, but in order to achieve balanced replications, only three of the stabilimeters were used.
Procedure. Subjects were randomly divided into three groups of 12 animals each. As in Experiment 1, all subjects received 15 min of adaptation and then 800 presentations of the acoustic stimulus at ISIs of 2, 4, 8, and 16 sec in Sessions 1 and 2. These sessions were separated by a 1-hr retention interval during which subjects remained undisturbed in their home cages.
During Session 1, the house light for one group (Correlated) went off for 1 sec immediately preceding the onset of each acoustic stimulus and came back on simultaneously with the offset of the tone; thus the lightoff duration on each tone presentation was 1,050 msec. For the second experimental group (Uncorrelated), the house light randomly went off for 1,050 msec on the average of every 7.5 sec (the mean ISI) throughout Session 1, but this was independent of the US. This group was included to assess any generalized effects that the brief periods of darkness might have upon activity levels. The house light of animals in the third condition (No Cue) remained illuminated continuously throughout Session 1.
In Session 2, the house lights remained on continuously in all three conditions. This experiment was conducted in 12 balanced replications.
Results
The mean percentage of startle responses by each group in Session 1, collapsed over ISIs to form blocks of 80 trials, is illustrated in Figure 4 . Over the entire first session, which was analyzed by a Treatment X Blocks X ISI analysis of variance with repeated measures on the last two factors, there were no significant differences among the three treatment groups, F(2, 33) = .80, p > .45. This was true even in the first block of trials, F(2, 9) = .57, p > .50. A withinsession response decrement, F(9, 297) = 45.57, p<.001, and an ISI effect, F(3, 99) = 27.23, p < .001, were obtained.
Of primary interest for the evaluation of any overshadowing of contextual cues associations is the Correlated group's performance in Session 2 relative to the performance of the other two groups. These data are shown in Figure 5 . No difference in startle response among the three conditions was observed, F(2, 33) = .49, p > .50. Again a reliable difference over ISIs, with the shorter ISIs producing less responding, F(3, 99) = 31.04, p < .001, and a response decrement over trials, F(9, 297) = 18.78, p< .001, was present. Consistent with the results of Experiment 1, subjects in the No Cue group responded less to the tone in Session 2 than in Session 1, t(\l) = 3.31, p < .01.
If differences among the three groups were present in Session 2 as a consequence of the treatments during Session 1, they should be most pronounced on the initial trials of the second session. To ascertain that the present procedure of analyzing the data in blocks of 80 trials was not insensitive to such differences, we reanalyzed the data comprising the first 80-trial block by subblocks of 20 trials (5 trials of each ISI). This is illustrated in the inset of Figure 5 . Even for the first subblock of 20 trials on Session 2, no differences among the three treatments were found, F(2, 33) = .03, p > .50.
Discussion
According to Wagner's associative model of long-term habituation, the Correlated group should have demonstrated impaired habituation (greater responsiveness) during Session 2 relative to the No Cue and the Uncorrelated groups due to the overshadowing of the contextual cues in Session 1 by the more reliable predictor of the US. No support for this prediction was obtained. The results of Experiment 2 are congruent with a nonassociative model of habituation in which the critical parameters concern only the US presentations themselves. As subjects in all three conditions were exposed to the same number of tones at the same times, a nonassociative model of habituation would call for similar response decrements both within and between sessions.
Also contrary to the prediction that a more reliable cue would evoke greater priming of the US and subsequently less responding was the finding of no difference in the rate of habituation among the groups in Session 1. As empirical support for such a prediction, Wagner (1976) conditioning phenomenon of "conditioned diminution of the unconditioned response (UR)" (Kimble & Ost, 1961; Kimmel, 1966; Kimmel & Burns, 1975) . Conditioned diminution of the UR refers to the observation that the UR in a CS-US pairing is reduced relative to the UR to a US not preceded by the CS. Although it is difficult to entirely rule out factors such as fatigue due to an immediately preceding CR, this diminution of the UR does seem to be largely an associative effect with the inhibition specific to the previously paired US (see Kimmel & Burns, 1975) . The lack of differences in startle responses among the three conditions could be explained if one hypothesized that subjects in the Correlated group did not associate the darkness with the tone because of either its lack of salience or its temporal characteristics. Thus, although the results of Experiment 2 are not supportive of a context-associative theory of long-term habituation, they must be interpreted cautiously as the darkness cue had no demonstrable effect on startle responding in either session.
Experiment 3: Generalization of Habituation
In studies of habituation, as in most learning experiments, care is ordinarily taken to present the entire environmental situation in an unchanging fashion over sessions to minimize any disruption of behavior that might arise due to stimulus generalization decrements. According to a nonassociative theory of habituation, the need for such stimulus control is evident for the iterated stimulus, but not for the background cues unless the overall stimulus input was increased to the degree that it would produce sensitization. However, if associations between the apparatus cues and the US mediate long-term habituation, retention should be disrupted by changes in the context between sessions.
For purposes somewhat unrelated to the present hypothesis, other experimenters have attempted to evaluate long-term habituation following changes in background cues. Peeke and Veno (1973) did so while studying habituation of aggressive behavior in sticklebacks. During the first session, a decrease in the frequency of attacks by the resident stickleback on another male stickleback was seen. In the second session of their experiment, the test fish itself and/or the location of the test fish was manipulated factorially. A response decrement between sessions was observed in the control condition in which the test fish and its location remained the same in both sessions. When only the context (the location) of the test fish changed between sessions, the increase in aggressive behavior between this group and the control group approached but did not achieve significance. Reliable differences from the control group were obtained only in the conditions in which the identity of the test fish itself was altered. Of the two groups in which the test fish itself was changed, a significantly greater increase in attack responses was seen in the condition in which both the test fish and its location were altered between sessions, a result suggesting an interactive effect of these two factors. Leaton (1974) also attempted to evaluate the contextual specificity of long-term habituation by modifying the background cues between sessions. His dependent variable was the duration for which a thirsty rat would interrupt licking when a 2-sec, 90-dB pure tone was presented. Habituation to the tone was observed as a total lack of suppression. In this situation habituation occurs very rapidly and is retained for several weeks. Leaton reported no disruption of the longterm response decrement when the apparatus cues were changed between sessions. However, this lack of effect is somewhat difficult to interpret. Owing to the nature of his measure, any differences due to the contextual changes may have been obscured by floor effects, as no suppression to the tone was evident in either group. Alternatively, these null results may be due to the fact that the contextual changes, which consisted of covering the grid floor of his apparatus with a solid floor and turning off a dim light, may not have been sufficiently salient to the subject. Differences in long-term habituation would be predicted by Wagner's associative model only if the contextual changes were discriminable to the subject.
The present study was designed to determine whether a generalization decrement occurs when contextual cues are modified between initial habituation and a test of long-term retention. As it is difficult to speculate which of the apparatus cues are most salient to the subject, gross qualitative changes in tactile, visual, and olfactory cues, rather than the more traditional quantitative changes along one dimension of stimulation, were imposed between Session 1 and Session 2 to maximize the probability that the change in context would be discriminable to the subjects.
Method
Subjects and apparatus. Thirty-six rats, similar to those described in Experiment 1, served as subjects. Three sets of stabilimeter conditions, designated as Stabilimeters A, B, and C, were used. Stabilimeter A was the basic stabilimeter apparatus used in the previous studies and consisted of a smooth Formica floor surrounded by an enclosure with three walls made of stainless steel and the remaining wall and ceiling constructed of clear Plexiglas. In this condition the house light remained off throughout the session. Stabilimeter B was the same stabilimeter apparatus, but the house light remained on continuously, and the floor was tightly covered with a rough black cotton cloth. In Stabilimeter C, the house light was on, the floor was covered by a rough black cloth, all four walls of the enclosure were covered with 2.5-cm-wide vertical black and white stripes, and an absorbent towel soaked with 2 ml of lemon extract was placed over the small portion of the stabilimeter ceiling (a circle with a radius of approximately 4 cm) that was perforated. These manipulations did not alter the intensity of the acoustic stimulus in the stabilimeter.
Procedure. The subjects were randomly divided into two squads of 18 rats each. One squad received habituation training in Stabilimeter A; the other squad was trained in Stabilimeter C. The parameters and procedures for habituation training and testing, Sessions 1 and 2, respectively, were identical to those of Experiment 1. Following the 1-hr retention interval, one third of the subjects from each of the two training squads (Group Same) received Session 2 in the same apparatus as they had been trained in; one third (Group Similar) received Session 2 in Stabilimeter B; the remaining one third (Group Different) received Session 2 in a different apparatus, either Stabilimeter A or C, from their training apparatus in Session 1.
Results
The data for Session 1 were analyzed as a function of the subject's scheduled test condition (Same, Similar, or Different) in Session 2. As is evident in Figure 6 , there were no reliable differences in startle responding on Session 1 among the three groups, F(2, 33) = .60, p > .05, and a reliable within-session decrement in responding was obtained, F(9, 297) = 15.86, p < .001. As in previous studies, greater responding was observed following the longer ISIs in both Session 1 and Session 2, both Fs(3, 99) > 13.59, ps < .001, and a between-sessions response decrement was obtained in Group Same, t(\l) = 2.44, p < .05.
The critical data concerning long-term habituation as a function of the similarity of contextual cues between sessions are presented in Figure 7 , which depicts the mean percentage of startle responses elicited from each group by blocks of 80 trials; the inset expands the first block of 80 trials into subblocks of 20 trials. Within Session 2, a response decrement across groups was seen over trials, F(9, 297) = 27.72, p< .001, but, most important, no differences were found among the three groups, F(2, 33) = .25, p> .50. No difference was found in the first block of 80 trials, or even in the initial subblock of 20 trials, Fs(2, 33) < .62, ps > .25. 
Discussion
Wagner's theory states that habituation is a consequence of the increasing degree to which the US is primed or expected at the time of its occurrence. In the case of longterm habituation, retrieval-generated priming is assumed to be mediated by the associative strength of contextual stimuli. Following from these assumptions, a generalization decrement, as evidenced by a disruption of between-sessions retention of habituation, would be predicted when the contextual cues are altered between sessions. It was expected that in Session 2 a generalization gradient would be seen such that Group Same would be least responsive and that Group Similar would be intermediate to the other two conditions. Such a gradient was not observed in Session 2 of the present study. These null results are subject to the criticism that the lack of difference in responding may reflect a lack of discriminability between the background cues present in Sessions 1 and 2. Despite the attempt in the present study to maximize discriminability by radically changing aspects of the apparatus in several sensory modalities, it is possible that enough cues remained constant (e.g., the geometry of the enclosure) to evoke the necessary retrieval-generated priming. Given this possibility, it would be desirable to investigate the contextual specificity of long-term habituation in an experimental situation in which the dissimilarity between the contextual cues would not be constrained by the stimuli that can be varied within the stabilimeter apparatus itself. Experiments 4 and 5 were designed to allow for such manipulations.
Experiment 4: Extinction of Habituation
As noted by Wagner (1976) , one powerful prediction that can be derived from his associative model of long-term habituation concerns extinction of the association between the contextual cues and the habituated stimulus. If the contextual stimuli function as a CS, then posthabituation exposure to the context in the absence of the US should be equivalent to the traditional extinction paradigm of presenting the CS alone and ought to produce extinction of the association. Such extinction would be indexed on a long-term test by greater responding in a group given an extinction treatment following initial habituation training than in a group not receiving any exposure to the context between initial habituation and retention testing.
There are very few direct studies of longterm habituation that have attempted to extinguish associations to contextual stimuli; however, contradictory findings as to the effectiveness of such a manipulation appear when using this procedure. In an unpublished experiment (cited in Wagner, 1976) , rabbits received sufficient presentations of a pure tone to produce a decrement in vasoconstriction. During the intervening day between training and long-term testing, one group of animals remained in the home cages, and the second group was placed in the experimental apparatus. On testing, greater responding, indicative of extinction of long-term habituation, was seen in the group that had received the exposure to the contextual cues during the retention interval.
Although the above study described by Wagner is apparently the only experiment to date explicitly designed to evaluate the effect of extinction of contextual associations on long-term habituation, other investigations of long-term habituation have incorporated, for different reasons, what can operationally be considered extinction procedures. Leaton (1974) exposed rats to the training apparatus for 5 consecutive days between habituation training and a longterm test to reestablish stable baseline licking behavior. Despite this amount of exposure to the apparatus cues, no disruption of long-term habituation was reported, although, as mentioned earlier, this may be due to the floor effects inherent in Leaton's measure.
Experiment 4 was designed to investigate the effects of extinguishing any existing contextual associations to the US between Session 1 and Session 2. Given that explicitly unpaired presentations of the CS and US may be more effective than the traditional Pavlovian method in actually extinguishing an associative relation between the two stimuli (Frey & Butler, 1977) , the present experiment included this condition as well as the more conventional CS-only extinction procedure. According to Wagner's associative model of habituation, startle responding during Session 2 should be greater in the groups receiving extinction treatments than in the control group receiving no extinction during the retention interval.
Method
Subjects and apparatus. The subjects (« = 48) were similar to those of Experiment 1; the stabilimeter apparatuses were the same as those described in Experiment 1. In addition, two step-through chambers, which were selected for being highly dissimilar to the stabilimeters, were used in the explicitly unpaired extinction conditions. Each step-through apparatus was divided into a white lighted compartment, 16 cm long, and a black dark compartment, 44 cm in length. The two compartments were connected by an opening which had a 3.3-cm-high hurdle it it. The floor of the apparatus, totaling 60 cm in length, was made of two parallel metal plates, each 2 cm wide, with a 1-cm longitudinal gap between them. The two side walls angled outward equally from the 5-cm-wide floor to a maximum width of 20 cm at the 28-cm-high Plexiglas ceiling. The two end walls of the apparatus were covered with 2.5-cmwide vertical black and white stripes, and 5 ml of lemon extract were uniformly spread on the bedding beneath the apparatus.
Procedure. The subjects were randomly divided into four groups of 12 rats each. Adaptation, habituation training, and testing procedures for all groups were the same as those used for the experimental group of Experiment 1. Four different extinction conditions were imposed during the 1-hr retention interval between Session 1 and Session 2. These various treatments began approximately 2 min (the time required to move animals to the different rooms) after the conclusion of habituation training; similarly, the long-term habituation test was started 2 min after these retention interval treatments ended.
Subjects in the Explicitly Unpaired condition received unpaired presentations of the stabilimeter contextual cues and the US during the retention interval. This was accomplished by alternately exposing these subjects in 10-min blocks to the tone while they were in the novel step-through apparatus and not presenting the tone while they were in the stabilimeters. The tone was presented at the same duration and ISI as during training and testing. The speaker was positioned next to the stepthrough apparatus such that the tone's intensity was maintained at 90 dB (re 20 jiN/m 2 , measured on the A scale of a Scott sound level meter, with the microphone placed in the closed step-through apparatus). As a control for any effect the exposure to the step-through apparatus would have on subsequent startle responding during Session 2, an Explicitly Unpaired Apparatus Control group was treated identically to the Explicitly Unpaired group except it received no US presentations either in the stabilimeter or in the step-through apparatus during the retention interval. Subjects in the Explicitly Unpaired and the Explicitly Unpaired Apparatus Control groups were individually carried by the experimenter every 10 min from one apparatus to the other. Each step-through apparatus was located in a separate room approximately 15 ft from the room in which the stabilimeters were housed. The third condition, Contextual Cue Exposure, was effectively a CSonly extinction procedure. This group remained in the stabilimeter throughout the 1-hr retention interval. No tones were presented during this time. The fourth group of subjects (No Extinction) remained in the home cages during the retention interval and received no explicit extinction treatment. Subjects in the Contextual Cue Exposure and No Extinction groups were handled every 10 min during the retention interval to control for the necessary handling of the subjects in Explicitly Unpaired and Explicitly Unpaired Apparatus Control groups.
Results
An analysis by blocks of 80 trials in Session 1 (see Figure 8 ) found no differences in startle responding among the four groups, F(3, 44) = .42, p > .50; however, a withinsession response decrement over trials, F(9, 396) = 51.99, p < .001, and reliable effect of the ISI, F(3, 132) = 50.84, p < .001, were found. Consistent with the previous experiments, the No Extinction group responded less in Session 2 than in Session 1, t( 11) = 4.04, p < .01.
Of primary interest is the relative responsiveness of the groups following the retention interval during which the extinction treatments were administered. These data for Session 2 are illustrated in Figure 9 . Although no differences among the four groups were observed when the data were analyzed over the entire session, F(3, 44) = 1.24, p > .30, comparisons of the first subblock of 20 trials (see inset in Figure 9 ), where any differences present would be expected to be most pronounced, revealed a significantly greater percentage of startle responding in the No Extinction group than in the Explicitly Unpaired Treatment group, responsive than the Contextual Cue group, t(22) = 2.l4,p< .05. Over the entire session, a response decrement, F(9, 396) = 24.31, p < .001, and an ISI effect, F(3, 132) = 50.05, p < .001, were obtained.
Discussion
These data are essentially the opposite of the results that would be expected on the basis of Wagner's theory. According to his model of long-term habituation, the extinction treatment received by the Contextual Cue Exposure group would impair the association between the contextual cues of the stabilimeter and the US. Therefore, on testing, the contextual cues should not produce the retrieval-generated priming needed for the manifestation of long-term habituation. In the present study, no support for this prediction was obtained.
A similar interpretation could also be applied with respect to the Explicitly Unpaired group if it is assumed that there was little generalization between the stabilimeters and the step-through apparatus such that the explicitly unpaired treatment produced extinction of the association between the stabilimeter apparatus and the US. If the animals did generalize between the two environments, this could account for the retention of habituation observed in the Explicitly Unpaired group as this manipulation would have then provided subjects with additional trials during half of the retention interval. However, the assumption that the two environments were, as intended, highly discriminable appears reasonable, given their extreme differences in visual, olfactory, and tactile stimulation. In addition, presenting the US in one apparatus but not in the other is functionally a discrimination training procedure that ought to serve to attenuate any generalization between the two environments.
Apart from generalization, it is possible to hypothesize various additional mechanisms that might interact with such an associative model of habituation to produce the present results. It might be assumed that some limited amount of exposure to apparatus cues during a retention interval serves to "remind" the subject of the US and thus strengthen the association (see Spear, 1976) and that prolonged exposure would institute the extinction process. Such an admittedly post hoc analysis could account for the ranking of the percentage of startle responses seen in the present study. The Explicitly Unpaired and the Explicitly Unpaired Apparatus Control groups received half as much exposure to the stabilimeter apparatus during the retention interval as did the Contextual Cue Exposure group. This amount of exposure may have enhanced the association and thus maintained the greater response decrement seen in these groups. The greater apparatus exposure given to the Contextual Cue Exposure group could have exceeded the optimal amount, which would function to reinstate and strengthen the association, and permitted extinction to begin, thereby decreasing the degree of response decrement evident on testing.
Except for the performance of the Explicitly Unpaired Apparatus Control group, the results of Experiment 4 are generally consistent with a nonassociative model of habituation in which the critical determinant of the response decrement is the number and pattern of US presentations. This is evident in the observation that the Explicitly Unpaired group, which relative to the other groups received both a greater total number and more recent presentations of the tone prior to the long-term test, exhibited less startle responding than the No Extinction and Contextual Cue Exposure groups during Session 2. However, the behavior of the Explicitly Unpaired Apparatus Control group, which did not hear the tone during the retention interval, should then also have been greater than the Explicitly Unpaired group. This was not found, a result suggesting that the tone exposure was not the sole factor controlling the difference in responsiveness among the treatment groups during Session 2.
A broader version of a nonassociative interpretation of long-term habituation could be fashioned by encompassing the total degree of exposure to the entire stimulus complex rather than simply to the US. That is to say, the greater the degree of exposure to all aspects of the training situation, the context as well as the US, the greater the response decrement that would be expected. Nevertheless, by such an analysis the performance of the Explicitly Unpaired Apparatus Control group relative to the Explicitly Unpaired group would still be anomalous.
Experiment 5: Latent Inhibition of Habituation
One way to distinguish between the various associative and nonassociative explanations offered for the results of Experiment 4 would be to present the diverse treatments prior to habituation training. In this way associative alternatives based on reminder effects would be eliminated, which would leave clearer the opposing predictions of nonassociative models and Wagner's associative hypothesis. Administering these treatments prior to training has the additional major advantage that the duration of the treatment would not be constrained by the length of the retention interval.
If long-term habituation is conceptualized as an associative process, prior exposure to the contextual cues in the absence of the probe stimulus would operationally correspond to the classical conditioning procedure of latent inhibition. In this paradigm, preconditioning exposure to the CS alone retards acquisition of the association when that CS is subsequently paired with a US (Lubow & Moore, 1959) . According to Wagner's model, prehabituation exposure to the contextual cues of the stabilimeter apparatus, as well as exposure to the stabilimeter and the tone in an explicitly unpaired procedure, ought to retard the formation of the subsequent association between the stabilimeter and the US. The subject would have to learn that the contextual cues of the stabilimeter that had not previously been associated with any US presentations, or had been explicitly unpaired with such presentations, are now predictive of the US. The effects of such preexposure treatments should be manifest in habituation training, during which the response decrement reflects the formation of the contextual associations in addition to the operation of self-generated priming.
However, if the parameters of US exposure are the critical determinants of habituation, as stressed by most nonassociative models of habituation (e.g., Groves & Thompson, 1970) , no difference in habituation training would be expected on the basis of prior exposure to only the contextual cues; however, it would be anticipated that the Explicitly Unpaired subjects would be less responsive due to their prior exposure to the US. Alternatively, a nonassociative model could relate startle responding to a summation of the US and the context novelty. Thus a group receiving prior exposure to the contextual cues should exhibit less of an initial startle response as well as a faster rate of habituation to the US than a group that did not receive any such prior exposure. Data that are consistent with this last hypothesis were presented by Korn and Moyer (1966) . They recorded startle responding of rats to the firing of a blank starting pistol. Subjects that received 30 min of daily apparatus exposure for 7 consecutive days preceding training showed a significantly attenuated startle response to the initial gunshot relative to subjects receiving no prior apparatus exposure. Korn and Moyer attributed this diminution of the initial startle response to the reduced novelty of the situation. As this effect was seen on the first trial, it is difficult to explain by either associative or nonassociative models of habituation.
Nevertheless, it must appreciated that prehabituation manipulations, such as context familiarization, might themselves influence startle responding independently of any associative or nonassociative habituation processes. Experiment 5 was designed to examine the effect that prolonged preexposure to the treatments used in Experiment 4 would have on performance during habituation training.
Method
Subjects and apparatus. The subjects (n = 44) were similar to those of Experiment 1. The stabilimeters and step-through apparatuses were identical to those used in Experiment 4.
Procedure. The subjects were randomly divided into four groups (n = 11): Contextual Cue Exposure, Explicitly Unpaired, Explicitly Unpaired Apparatus Control, and No Prior Treatment. Except for the fact that these treatments were given prior to habituation training, the procedures for each group were identical to those of Experiment 4. For 7 consecutive days preceding habituation training, these treatments were administered daily for the same length as the training session (100 min). The Contextual Cues Exposure group spent this time in the stabilimeters except for handling every 10 min; the Explicitly Unpaired group was alternated every 10 min between the step-through apparatus in which the US was presented and the stabilimeter; the Explicitly Unpaired Apparatus Control group was similarly switched between the stabilimeter and step-through apparatus, but no tones were presented in the stepthrough apparatus; and the No Prior Treatment group remained in the home cages except for handling every 10 min. On the eighth day these treatments were again given to the various groups, followed approximately 10 min later by initiation of the habituation training procedure described in Experiment 1. Experiment 5 was conducted in 11 balanced replications.
Results
The mean frequency of startle responses for each condition, broken into blocks of 80 trials, is illustrated in Figure 10 . A significant difference among the treatments over the entire session was found, During the habituation training session, a decrement over blocks of trials, F(9, 360) = 35.37, p < .001, and an ISI effect, F(3, 120) = 72.31, p < .001, were found.
Discussion
The results of Experiment 5 appear highly consistent with Korn and Moyer's (1966) nonassociative interpretation of habituation. Assuming, as they do, that exposure to any aspect of the entire stimulus complex will contribute to the observed response decrement, the greatest decrement would be expected in the Explicitly Unpaired group, as these subjects received prior exposure to both the US and the stabilimeter. The Explicitly Unpaired Apparatus Control and the Contextual Exposure groups would, accordingly, be more responsive than the Explicitly Unpaired group but less so than the No Prior Treatment group, as they had been exposed only to the stabilimeter apparatus. The No Prior Treatment group, which was not exposed to either the stabilimeter or the US prior to training, would be predicted to be most responsive. The present results clearly conform to these predictions. As this study did not include groups that were pretreated but not presented with the tone to control for general activity, it is not possible to clearly factor out the proportion of responding due to the novel environment. However, on the basis of the Activity Control group in Experiment 1, it is expected that this activity baseline would be rather low. The nonassociative interpretation of the present findings contrasts with the results of Experiment 3 in which no stimulus generalization gradient was observed when the contextual cues were altered between Session 1 and Session 2. This apparent inconsistency may be a result of the degree of environmental change in the apparatuses between sessions. Despite the attempt to modify the stabilimeter apparatus following Session 1 of Experiment 3, at the onset of Session 2 the different groups had, nevertheless, prior exposure to many aspects of the stabilimeter, whereas in the present experiment the stabilimeter was a totally novel enclosure.
The present data indicate that factors other than self-generated and retrieval-generated priming influence the degree of response decrement. In Experiment 5, the Contextual Cue Exposure group exhibited a significantly smaller percentage of startle responses than the No Prior Treatment group. As both these groups heard the US for the first time during habituation training, this difference cannot be accounted for by differences in priming of the US. These findings may be interpreted as being inexplicable, not only by Wagner's model but also by learning theories focusing on selective attention (e.g., Mackintosh, 1975; Sutherland & Mackintosh, 1971) . If stimuli are competing for access to a limited-capacity attentional system, the tone ought to receive greater attention in the Contextual Exposure group, for which the tone is the only novel stimulus, than in the No Prior Treatment group, for which the entire experimental situation is novel to the subject. It would appear that the context in Experiment 5 is serving as an independent contributor to the startle response rather than as an associative retrieval cue. Such a modulatory role of the context is not incompatible with Wagner's associative model; indeed, habituation to the context itself in principle could function independently of any associative aspect of the context. Summation of habituation to the acoustic stimulus and to the context is consistent with the observation of a diminished response on the first habituation trial following contextual preexposure (Korn & Moyer, 1966) .
Habituation to the context may require prolonged and perhaps spaced exposure to the context, as was given in the present experiment and in the study of Korn and Moyer, as there are reports showing no effect on startle responding following briefer or massed prior contextual exposure (Davis & Wagner, 1969; Hoffman, Marsh, & Stein, 1969) . The failure to observe such an effect in the control group of Experiment IB suggests that these exposure parameters, rather than various other methodological differences between those studies and the present experiments, may be responsible for the different outcomes.
General Discussion
The present series of experiments was designed to investigate the hypothesis that associations between contextual cues and the iterated stimulus mediate long-term habituation (Wagner, 1976 (Wagner, ,1978 (Wagner, ,1979 . By measuring the acoustic startle response of the rat, the contextual specificity of long-term habituation was evaluated through the processes of overshadowing, generalization, and extinction in Experiments 2-4, respectively. Experiment 5 investigated the effect of latent inhibition procedures on habituation training. The results of these studies provided no support for predictions derived from Wagner's associative model of long-term habituation.
It is important to emphasize that the obtained long-term habituation cannot be accounted for by a sensory deficit. As noted in studies described above (e.g., Groves et al., 1976) , physiological recordings from sensory pathways during startle habituation training revealed no auditory damage, permanent or temporary, even with the use of auditory stimuli more intense than that used in the present experiments. Consistently, the present results do not lend themselves to an explanation based on sensory debilitation. In Experiment 4, for example, a significantly greater percentage of startle responding was observed in the first subblock of 20 trials in Session 2 by the No Extinction group than by the Explicitly Unpaired Apparatus Control group. As both these groups received identical exposure to the tone during Session 1 and neither heard the tone during the retention interval, such differences cannot be accounted for by an explanation of longterm habituation based on auditory damage.
Given that none of the present experiments provide support for Wagner's associative model of long-term habituation, it appears appropriate to consider alternative explanations of the empirical underpinnings of his model. One of the strongest data bases for Wagner's interpretation is Davis's (1970a) finding that a longer ISI during habituation training produces a greater longterm response decrement than does a shorter ISI. This seems to be a reliable phenomenon which has been reported in several independent laboratories with highly dissimilar preparations (e.g., Carew et al., 1972; File, 1973) .
Alternate hypotheses for this effect can be fashioned on the basis of the greater amount of exposure to the apparatus cues that subjects in the longer ISI condition received. As no activity control was included, it is conceivable that Davis's results merely reflect a decrease in general activity rather than any associations to the contextual cues-or even any short-or long-term habituation to the tone. Or, assuming actual habituation to the tone both within and between sessions did take place, it is possible that the greater response decrement of the longer ISI group on the long-term test could reflect a summation of habituation to the tone and the apparatus (but see Davis, 1970b) . This interpretation becomes more plausible in light of the findings of Korn and Moyer (1966) and the results of Experiment 5, both of which suggest that familiarity with the habituation training environment produces decreased responding during habituation training.
A second complementary explanation can be put forth based on the fact that Davis's finding parallels the long-standing observation that spaced practice produces better retention than massed practice, given an equal amount of stimulus exposure time in both conditions. The most commonly advanced theoretical explanation of this spacing effect-one that can be related directly to Wagner's model-is that spaced presentations of a stimulus command greater attention and allow for prolonged rehearsal. (See Hintzman, 1974 , for a review of various alternate theoretical interpretations of the spacing effect in human memory research.) If this greater processing produces a stronger memorial representation of the US, then a greater response decrement might be expected on a long-term retention test. That is to say, variation in rehearsal of the US may occur without producing or being dependent upon retrieval-generated priming. Relying upon only differences in the degree of rehearsal, it is therefore possible to reinterpret Davis's experiment within a nonassociative framework. (As mentioned earlier, the present use of the term nonassociative can be considered to be associative in the sense that the iterated stimulus is "associated" with no other events. Regardless of whether one wishes to consider this as associative or nonassociative, such a process clearly does not involve contextual specificity.) The present series of experiments suggests that the application of Wagner's model to long-term habituation of the acoustic startle response is probably incorrect. Of course, it is possible that not all types of long-term habituation will ultimately be explained by the same theoretical mechanism and that Wagner's interpretation might be found to be appropriate in other preparations.
The present findings indicate that although contextual cues may not function as a CS in long-term habituation, there is a need to broaden theories of habituation to include other elements of the experimental situation, in addition to the US, as critical determinants of responding. The degree of startle responding in the present series appears to reflect a summation of the novelty of the entire stimulus complex. Perhaps the novelty of the environmental situation produces sensitization which augments the startle response to the acoustic US. Through habituation to the context, prolonged preexposure would serve to reduce this sensitization and thus yield a decrease in startle responding to the tone.
Previous habituation research has stressed the importance of background stimuli within the same modality as the US upon responding (e.g., Davis, 1974b) . The present results extend this analysis to include stimuli in other modalities by suggesting that habituation is a nonassociative process in which the prior experience with the total stimulus complex is a critical factor. This was most evident in the results of Experiment 5 in which significantly less startle responding during initial habituation training was seen in animals that had received preexposure to the apparatus, largely a nonauditory experience, than in subjects that had not received this preexposure. Furthermore, this focus on habituation to the total stimulus complex is congruent with the concept that response modulation occurs within the central nervous system. Although the input channels of the various sensory modalities are relatively independent, cross-modality integration of the incoming sensory information is performed centrally. The response is apparently determined not solely by the concurrent stimulation in the particular modality of the iterated stimulus but also by the integrated information provided by the entire experimental situation.
